The World Health Organization (WHO) describes obesity as one of today's most blatantly visible -yet most neglected -public health problems. [1] The prevalence of overweight and obesity has been gradually increasing, becoming a public health problem, not only in developed countries but also in developing countries such as India. [2] The 'New World syndrome' , which is likely to create an enormous socioeconomic and public health burden of non-communicable diseases, states obesity as one of the first cluster of diseases. [3] Lifestyle factors are cited as one of the reasons for an increase in the prevalence of overweight or obesity. Significant studies have been conducted to identify the relationship between lifestyle factors and obesity. Prior research has examined factors such as nutrition transition, junk food and soft drink intake frequency and physical activity profiles for their association with the prevalence of overweight or obesity. An optimal public health outcome is achievable if the factors causing obesity, besides the conventional ones of diet and physical activity, can be scientifically found, and corresponding remedial measures implemented. [4] Among these other factors, sleep duration has been found to have an association with overweight and obesity in many studies, most of which have been conducted outside India. [5] [6] [7] The prevalence of chronic partial sleep deprivation has increased dramatically in the past half century, in parallel with the rising epidemics of overweight and obesity. [8] According to Dahl and Lewin, [9] sleep duration per se has a special relevance in adolescence, as: (i) there are substantial biological and psychosocial changes in sleep, and circadian regulation exists across pubertal development; (ii) interactions between physical and psychosocial domains during adolescence can lead to dramatic alterations in sleep patterns and habits; (iii) increasing evidence indicates that many adolescents frequently obtain insufficient sleep. [9] Therefore, it is becoming increasingly important to study the prevalence of inadequate sleep duration (IASD) in adolescents and its plausible association with their nutritional status.
Adolescence is considered a period of transition, and the habits that are developed during this period usually continue for life. Environmental and habitual factors for various diseases, if identified during this period, can be corrected by taking preventive actions before they become incurable for life. IASD or sleep loss due to voluntary bedtime restriction has become a hallmark of modern societies, such as those in the USA and others. [10] Such lifestyle patterns are now increasingly being imported to developing countries such as India. Timely research and effective intervention can help in restraining this from becoming a pervasive problem, which can potentially affect a significant 22% of the aggregate Indian population, comprising adolescents. A school-based intervention is likely to be more successful in this regard, as adolescence is also considered as a unique phase in life that presents the greatest opportunities for sustained health and wellbeing through education and preventive efforts. [11] Driven by the aforementioned intent and reasons, this study, as a part of a larger study based on the Global School Health Survey, was conducted in the 13 -15-year-old age group with two objectives: first, the study made an enquiry into the sleep duration in Indian adolescents, and assessed whether this was adequate or inadequate; and second, it sought to evaluate and assess the relationship between sleep duration and the nutritional status of these adolescents, whether overweight/obese.
Methods
This research was a cross-sectional, one-time assessment of nutritional status and selfreported sleep duration at night. The study was conducted over a period of 6 months, from November 2011 to April 2012.
The study was conducted in three different Aligarh schools, all of which are affiliated to the Aligarh Muslim University Board of Examination, and rank among the largest schools in the district of Aligarh. Prior permission was obtained from the school authorities.
The inclusion criterion was all students aged between 13 and 15 years, enrolled in the aforementioned schools, who were present and gave their consent for the study.
The students were weighed with minimal clothing and standing height was used.
The proforma comprised questions on the particulars of the participants and the usual duration of sleep. Concurrently, anthropometry was conducted and recorded. Assessment of average sleep duration was based on the answers to two specific questions: (i) On a usual working day (weekday), what is the time that you go to bed and what is the time that you wake up? (ii) On Saturday nights, what time do you go to bed? and (iii) At what time do you wake up on Sundays? While these questions were drawn from previous published research, there were a few minor adaptations, [12] because these schools are open 6 days a week. The questionnaire was pilot tested and validated before the actual research was conducted.
From the answers to the questions mentioned above, average sleep duration was found to be equal to:
(weekday sleep duration × 6/7) + (weekend sleep duration × 1/7).
Sleep duration <7 hours/day was qualified as IASD, and ≥7 hours/day as adequate sleep duration (ASD), based on previous studies.
[ 13] Any adolescent with a body mass for age z-score of ≥1 standard deviation (SD) (equivalent to 85th percentile) was considered overweight, as per the WHO Reference Standards 2007 (WHO AnthroPlus). Any adolescent with a body mass for age z-score of ≥2 SD (equivalent to 97th percentile), was considered obese, as per the WHO Reference Standards 2007 (WHO AnthroPlus). [14] The nutritional status/anthropometric records were assessed against the WHO multicentric growth reference standards (WHO Multicentric Growth Reference Standards (MGRS)), as the WHO AnthroPlus software was used in this study. [14] Anthropometric measurements of weight and standing height were recorded using standard techniques as prescribed. [15] Weight was measured with minimal possible clothing in the upright position to the nearest 0.1 kg using calibrated instruments, and height was measured without shoes to the nearest 0.1 cm. Body mass index (BMI) for age z-scores were used to define overweight and obese. Other precautions taken during the study were regular calibration of instruments and recording date of birth from written records (school register). Those students whose BMIfor-age z-score values were flagged by WHO AnthroPlus during the data entry or who were found to have extreme values were revisited within 2 days, and anthropometry was repeated.
The multidisciplinary Institutional Board of Studies ethically approved the study. Appropriate counselling, health education, and balanced diet and nutrition advice were offered to all the participants. Those who were in need of referral were referred to the JN Medical College, Aligarh.
Data management and processing
All the students of the three schools who fulfilled the inclusion criteria (N=1 416) were included in the study. Weight and height were entered in WHO AnthroPlus on the day of visit. AnthroPlus was used to find the z-scores (based on the WHO MGRS 2007) [14] for that age and gender. SPSS (IBM, USA) version 20 was used to derive the relationship between sleep duration and overweight/obesity, and for other relevant statistical calculations. Chisquare tests were applied to determine the differences between sleep duration in males and females, and to examine the association between overweight/obesity and inadequacy of sleep duration, if any. BMI z-scores of those with IASD were compared with those who had ASD by t-test.
Results
A total of 1 416 students were sampled for the study, including 712 males and 704 females. Among the study population, 23.6% (n=334) reported IASD, and 76.4% (n=1 082) reported ASD. There was no significant difference between the sleep duration prevalence in males and females ( Table 1) . The prevalence of overweight and obesity was found to be 12.3% (n=174) and 2.33% (n=33), respectively, without any significant difference between genders.
Among those with IASD, 19.2% (64/334) were found to be either overweight or obese, significantly higher than 13.2% overweight/ obese in those with ASD. Further analysis revealed that the probability of being either overweight or obese was significantly higher in those who reported IASD (odds ratio (OR)=1.56, 95% confidence interval (CI) 1.12 -2.15) ( Table 2 ).
The mean (SD) BMI was found to be different in the IASD (22.2 (2.3)) and ASD groups (19.1 (2.3) ). The mean BMI-forage z-score for the IASD group was found to be 0.77 (0.57) compared with the ASD group (-0.31 (0.08)), and these values were significantly different on t-testing (t=22.54, df=1; p<0.001). Thus, IASD had a higher OR of being overweight or obese and was also associated with a higher BMI-for-age z-score and with overall BMI.
Discussion
This study found that sleep duration was inadequate in 23.6% of the adolescents, and those with IASD had a higher chance of developing overweight or obesity and tended to have a higher BMI-for-age z-score than their ASD counterparts. A similar association between a high BMI and obesity has been reported for comparable age groups in Germany, [7] the USA, [4, 16] Vietnam, [17] Taiwan [18] and the UK, [19] among others. In India, Gujarati adolescents of 16 -19 years old were found to have a significant relationship between IASD at night and body fat percentage and total body fat mass. [13] In south India, in individuals of 6 -16 years old who visited the hospital for minor complaints or routine checkups, inadequacy of sleep was found to be associated with being overweight, based on International Obesity Task Force [20] standards. In contrast, a report from south India by the National Institute of Nutrition [21] in Hyderabad found no significant difference between the sleep duration of normal and overweight adolescents in south India. To our knowledge, this is the first community-based study in north India with a large sample size that employs the recently recommended WHO MGRS 2007 standards and examines the effect of sleep duration inadequacy.
There are various plausible mechanisms for the association between IASD and obesity. Sleep restriction reduces the secretion of adipocyte and appetite-regulating hormone leptin, and consequently increases one's appetite. [22] Loss of adequate sleep also results in higher production of ghrelin; the resultant leptinghrelin interaction leads to increased appetite. In addition, sleep inadequacy affects basic metabolic rate and also provides more opportunity to eat. Together with the thermic effect of food, [23] these factors cause tiredness and lead to low physical activity. It is now well-known that regardless of whether sleep deprivation is acute or chronic, both lead to appetite dysregulation and weight gain. These, in turn, lead to insulin resistance, causing an increased risk of diabetes mellitus type 2. [10] Some studies have also found gender differences in the association between sleep inadequacy and obesity; some found the association to be significant only in boys [19, 23, 24] and some found a higher probability of association in boys. [25] Our study did not find any such differences either in existence or in the degree of association. IASD was found to have an association with both genders, and there was no significant difference between the degree of association in boys or girls.
Study limitations
The main limitation of this study was that the measurement of sleep duration was based on self-reporting, which may not be the most reliable of the methods. However, there is no reason to believe that the non-obese or non-overweight adolescents could have been the only ones misreporting their sleep duration. Therefore, the authors believe that this limitation may not have a significant effect on the accuracy and generalisability of results. Another important limitation is the issue of temporality, which has been present in many such studies, including the meta-analysis by Cappuccio et al. [6] Without the temporality, that is whether an adolescent had inadequate sleep therefore she/he is obese or vice versa, it is difficult to confirm causality by this study alone.
Conclusions
There is significant epidemiological evidence that points towards the inadequacy of sleep being an obesogenic factor, even in developing countries such as India. With non-communicable diseases accounting for nearly 56% of the total mortality in South-East Asia, [26] in which India has a major share, a variable such as sleep, which may lead to both obesity and/or diabetes mellitus type 2, cannot and should not be ignored.
It should be stressed that for a healthy mind and body, an adequate duration of optimum sleep is important, especially during school education years. Adolescence is a transition phase in human development; sleep deprivation as a habit often develops during this phase because of changes in biological timing of sleep, for example adolescents going to bed later but waking up on time for school. [27] Therefore, specific advice should be given to students at schools. Boarding schools should lay down and enforce strict rules regarding the time to go to bed. Studying late at night should be discouraged, and healthier alternatives should be provided. Because of the vulnerable nature of these ages, advice should also be enforced through primary healthcare centres and adolescent clinics, as the habits developed or strengthened during adolescence often tend to stay for life.
Other important advice suggested by experts includes sleep hygiene, such as a regular bedtime routine, ensuring a suitable bedroom environment with a comfortable bed that should be used only for sleeping (and not reading or listening to music), not indulging in active physical activity within a couple of hours before sleeping, and removal of televisions, computers or other gadgets from the bedroom. It is also important to restrict the intake of caffeinated drinks in the evening or night, and to avoid stimulating activities during bedtime, including but not limited to heavy study, playing computer games, or active debating and discussions. [28] In particular, a key piece of advice is not to have a television in the room in which the adolescent sleeps. [29] Although these suggestions have been researched in other settings, an important opportunity for research exists in developing countries such as India, where these suggestions should be tested further to assess their effectiveness.
